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1 Introduction
An innovative partnership has been established between a
university team (R&D unit of Aquapôle, University of
Liège) and public stakeholders managing surface water
quality (Water Agencies and Administrations) in order to
develop a mathematical model included in a software suite
that meets the expectations of operators. This development
strategy based on the needs of partners is a guarantee of
success, directly beneﬁting from the quality improvement of
aquatic environments. The partners have complementary
missions consisting in the monitoring of aquatic environ-
ment and in scientiﬁc research. The research was carried out
in the European context where public water policy has to be
supported by robust knowledge to establish the relationships
between the state of environment and the associated pres-
sures. In this context, the PEGOPERA software suite is a tool
supporting the management of surface water quality, from
local scale to transnational level, up to the River Basin
District scale. The main purpose of this operational tool is its
ability to explicitly describe the pressure/impact relation-
ships and to help Administrations in their planning missions
through prospective simulation of measures (River Basin
Management Plans in the scope of the Water Framework
Directive 2000/60/EC).
2 Materials and Methods
The partnership between a research unit from the university
and public water resource managers has allowed the develop-
ment of an innovative software suite that meets the expecta-
tions of the operators (a tool managed by themselves and
respecting their requirements). The innovation resulting from
this partnership is linked to its functional structure (funding
mechanisms, communication, exchanges…). Indeed, this
alternative funding of research, the feedback from operators
(for example some French water agencies) and the frequent
interactions between the model developers and the ﬁnal-users
have allowed the development of the following features:
• a deterministic and physically based scientiﬁc model
(PEGASE) designed to evaluate the surface water quality
by the integration of all pressures on watershed and
processes involved in water quality and to better under-
stand and describe the functioning of the hydrosystem
(Deliège et al. 2009);
• an operational software (PEGOPERA), including the
PEGASE model, allowing operators to dynamically
implement their needs in integrated water resource
management.
The Water Agencies and Belgian Administrations
involved in the partnership manage more than 355000 km2
of watersheds. The PEGOPERA software allows them to sim-
ulate the water quality of more than 13600 rivers (more than
145800 km of rivers).
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3 Results and Discussion
Amongst other, the Rhin-Meuse Water Agency (France)
uses the PEGOPERA software to (Deliège et al. 2011):
• contribute to the elaboration of planning documents
(water status overview, measures programs…);
• contribute to the assessment of water quality and related
pressures (for non-monitored water bodies);
• determine the measures for the 2016–2021 program in
different sectors (industry, water treatment…) and the
assessment of their effectiveness;
• determine less severe targets for water bodies;
• support the instruction of intervention reports;
• deﬁne priorities in the ﬁeld of water treatment, in order to
establish territorialized operational action plans;
• regulate long-term prospective scenarios.
Their total length of water bodies is 13200 km within the
Rhin-Meuse basin. The simulated network of water bodies is
12600 km, which shows that 95% of the WFD river network
is simulated by the model (Fig. 1). They consider that
PEGOPERA software is therefore a homogeneous and consis-
tent tool throughout its application to the Rhin-Meuse basin.
On their side, the Vlaamse Milieumaatschappij (VMM,
Belgium) also uses the PEGOPERA software to (Everbecq
et al. 2017):
• prepare the third cycle of the WFD 2022–2027 (water
status overview and management plans);
• couple the PEGASE model with the “soils” model (Arc-
NEMO) used by the VMM.
This couplingwas performed in order to use another source
of information about nitrogen and phosphorus fluxes, on a
monthly basis (fromArcNEMO). The creation of a new tool to
import the results of ArcNEMO into the PEGOPERA software
suite was designed to work in a semi-flexible way to be
adapted to other “ground” data (different formats…). Figure 2
illustrates the results obtained by different methods to estimate
diffuse loads in comparison to in situ measurements:
• the fuchsia curve represents the calculated concentrations
using the soil loads functions calculated by PEGASE;
• the orange and brown curves represent the calculated
concentrations using the results of the Sentwa soil model;
• the dark blue curve represents the concentrations calcu-
lated by the coupling of the PEGASE model with the
ArcNEMO model, using the discharges generated by the
ArcNEMO model (method allowing the conservation of
the concentrations);
• the curve in cyan represents the concentrations calculated
by the coupling of the PEGASE model with the ArcNEMO
model, using the discharges generated by the PEGASE
model (method allowing the conservation of the fluxes);
• the dots are the in situ measurements.
The use of soil model results in PEGASE does not neces-
sarily lead to an improvement in validation (complementary
Fig. 1 Representation of rivers in the Rhin-Meuse basin: “WFD”
water bodies on the left side of the ﬁgure and representation of the
network simulated by the PEGASE model on the right side (some
channels are not represented by lack of available information, other
transboundary rivers were numerically added)
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calibration/validation should be carried out). However the
coupling improves the predictive character of the model
regarding diffuse loads.
4 Conclusions
The cooperation between Agencies, Administrations and
researchers has been relevant in the scope of water status
overview and the management plans of the WFD, as well
as in the reinforcement of knowledge on the functioning
of aquatic ecosystems. The characteristics of the relation
between developers and Administrations allow us to be
reactive regarding their willingness (taking into account
speciﬁc diffuse loads for example). Among other things,
the PEGOPERA developments carried out within the
framework of these partnerships allow a better adaptation
to the WFD, in particular for:
• the assistance in the preparation of the water status
overview. PEGOPERA allows to simulate the temporal
evolution of the physicochemical quality of rivers for
several thousand rivers;
• the explicit establishment of the pressure/impact rela-
tionship from domestic, industrial and diffuse loads;
• the implementation of prospective scenarios (basic
measures, complementary measures…), in particular
within the framework of management plans. The strength
and the relevance of the PEGOPERA software is its use as a
predictive tool.
Other cooperation projects are still in progress. They
involve other extended and speciﬁc expertises (continu-
ous training of the pubic administrations,
bio-indicators…). To reinforce competencies transfers,
these projects also imply foreign universities, local public
administrations and local universities as well.
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Fig. 2 Longitudinal proﬁle of
computed and measured
concentrations of nitrates in the
Gaverbeek river (year 2006,
gN/m3)
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